The aim of the study was to find the epidemiology of hip fractures in heart failure. The increasing survival rate for patients with heart failure places them at risk for other diseases of ageing, including osteoporosis.
Introduction
Osteoporosis and heart failure are prevalent conditions, particularly among the elderly. 1 -3 Worldwide, over 1.7 million hip fractures, the most serious fracture related to osteoporosis, occur annually with over 340 000 occurring in the USA alone. 1, 2 In the USA, heart failure is the most common cause of hospitalization in patients aged .65. 3 However, whether hip fracture rates are increased in persons with heart failure compared with healthy persons is a subject of ongoing debate. One report, limited to women, suggested that the odds ratio for hip fractures was increased 2-3-fold in heart failure patients compared with healthy controls matched to the expected hip fracture age distribution. 4 In a population-based study in Canada including over 16 000 men and women aged 65 years and older, patients with heart failure had an 4-fold increased risk for any fractures and a 6-fold increased risk for hip fractures. However, in this study, the comparator group was patients with cardiovascular disease without heart failure, and not healthy controls. 5 Thus, whether there is an increased risk for hip fractures in men and women with heart failure compared with healthy controls and if so, whether the risk of fractures in heart failure is a function of the disease itself, or underlying shared risk factors, is less clear.
There are a number of shared risk factors for hip fractures and heart failure. These include, among others, decreased exercise tolerance, 6, 7 low levels of 25 hydroxyvitamin D, 8, 9 advancing age, † A full list of principal CHS investigators and institutions can be found at http://www.chs-nhlbi.org/pi.htm renal disease, 10 -12 diabetes 10, 13, 14 and, among women, postmenopausal status. 15 In addition, medications used by persons with heart failure, including thiazide diuretics, 16 spironolactone, 17 angiotensinconverting enzyme (ACE) inhibitors 18 and b-blockers, 19 have been positively associated with bone metabolism. Conversely, loop diuretics have been associated with loss of bone mineral density (BMD), a risk for fractures in some 20 but not all studies. 21 Importantly, poor self-reported health status has also been identified to be a risk factor for both heart failure and low BMD. 22 -24 Theoretically, the pathophysiology of heart failure and osteoporotic fractures may share some common components. Experimental studies suggest that aldosteronism, a key component in heart failure, 25 may also be operative in bone loss. 26, 27 Another potential common pathophysiological mechanism for heart failure and osteoporotic fractures is that of shared matrix proteins. 28 Up-regulation of putative cytokines may also underlie the pathogenesis of both heart failure and osteoporosis. 28 Finally, one study reported that inflammatory markers are elevated in heart failure, 29 and inflammation has been associated with fractures. 30, 31 No study to date has compared hip fracture rates and mortality rates, following these fractures in those with and without heart failure within the context of a large prospective study of ambulatory, multiethnic, non-institutionalized women and men that uniformly collected data on hip fractures, mortality, and heart failure status. Moreover, no study to date has examined whether any relationship between hip fractures and heart failure is independent of shared risk factors. The primary objective of this study was to examine the association between heart failure and hip fractures and to determine whether this was dependent or independent of shared risk factors. The secondary purposes were to examine the association between heart failure and hip fractures in those with systolic compared with diastolic dysfunction, and to estimate the contribution of hip fractures to mortality in persons with heart failure.
We hypothesized that relative to persons without heart failure, that rates of hip fractures in those with heart failure would be increased. However, we suspected that these increased rates of hip fractures would be explained at least in part by shared risk factors. Finally, since mortality is increased following a hip fracture in healthy persons, 32 we hypothesized that there would be a substantial association of hip fractures with mortality in persons with heart failure.
To test these hypotheses, we utilized data from a wellcharacterized community-based longitudinal cohort study of older men and women, the Cardiovascular Health Study (CHS). We determined the risk for incident hip fractures in men and women with heart failure and by the type of heart failure compared with those without heart failure with and without adjustments for potential covariates. We estimated the mortality due to incident hip fractures in men and women with heart failure.
Methods Subjects
Cardiovascular Health Study is a longitudinal cohort study of elderly men and women (age 65 years) designed to determine the factors that predict development and progression of cardiovascular disease.
The main cohort of 5201 participants was enrolled between 10 June 1989 and 30 May 1990. To increase minority representation of African Americans in the study, an additional 687 African Americans were recruited from 17 November 1992 through 11 June 1993. Within four community-based centres (Sacramento County, CA; Forsyth County, NC; Washington County, MD; Allegheny County, PA), a random sample of men and women from Medicare eligibility lists were identified. Participants were excluded if they were institutionalized, required a proxy, were unable to complete informed consent, were planning to move out of the area within 3 years of recruitment, required a wheelchair in the home, were receiving hospice care, or were undergoing radiation or chemotherapy for cancer. Annual examinations and 6 month interim phone calls were performed.
Analysis cohort
There were 5888 participants in the CHS. Self-report of heart failure at baseline was confirmed by components of the baseline examination, or where necessary, by a validation protocol that included either the review of medical records or surveys of treating physicians (prevalent heart failure). 33 After exclusion of the 275 persons with prevalent heart failure at their baseline examination, there remained 5613 persons in our analyses, including 3251 women (58%) and 864 African Americans (15.4%) ( Figure 1 ).
Definition of incident heart failure
Participants were queried by telephone interview or during in-clinic visits every 6 months regarding hospitalizations. Diagnoses of incident heart failure were ascertained from obtained hospital records with centralized cardiologist adjudication. Potential incident heart failure was investigated in detail based on initial identification through International Classification of Disease (ICD) diagnostic codes, or mention of this endpoint on the hospital face sheet, discharge summary, or outpatient procedure report. An additional quality-control procedure matched Medicare Part A inpatient data provided by the Health Care Financing Administration (HCFA) to the events database, to ensure ascertainment of all hospitalized heart failure events occurring within the cohort. 34 For the purposes of our analyses, among those adjudicated to have incident clinical heart failure, we defined systolic heart failure as an ejection fracture (EF) of ,40% and diastolic heart failure as an EF of 40% by echocardiograms obtained at the time closest to the diagnosis of incident heart failure (baseline or year 7 of CHS). 35 
Ascertainment of incident hip fractures
Participants were queried by telephone interview or in-clinic visit every 6 months regarding incident fractures. Diagnoses of incident hip fractures were ascertained from a comprehensive review of hospital records and included those in which there was an International Classification of Diseases, Ninth Revision (ICD-9) code for hip fracture (820.xx). ICD-9 codes for hip fractures that occurred in this cohort included the codes 820. 
Covariates
We considered as covariates in our models factors previously associated with hip fracture in both the general population, 36, 37 and in persons with cardiovascular diseases, 4 where available in CHS. For one covariate not available in CHS, depth perception, 37 we substituted history of visual problems. Age, body mass index (BMI), age at menopause, number of live births, sex, race, education, income, use of calcium supplements (yes/no), smoking status (never, former, current), frailty status [frail (defined as 3 or more of the following: unintentional loss of .10 pounds in past year, self-reported exhaustion, weak grip strength, slow walking speed, and low physical activity), intermediate (defined as 1 or 2 of the above criteria), or not frail], 38 self-described health status (excellent/very good vs. good vs. fair/poor), alcohol use (never, past, current ,1 drink/week, current 1 to ,7 drink/week, or 7 or more drinks/week), 39 history of hypo-or hyperthyroidism, medication use [corticosteroids, oestrogen use (in women only: never, past, current), ACE inhibitors, angiotensin-receptor blockers (ARBs), b-blockers, diuretics), 40 physical activity levels (total kcal/ week), gait speed (computed from the time to walk 15 ft. test), cystatin C, 41 digital symbol substitution test (DSS) (for this test participants were asked to pair nine numbers with nine symbols, and the number correctly completed in 90 s was recorded)], 42 and history of cancer, pneumonia, chronic obstructive pulmonary disease and diabetes were considered in the models. No participants were using bisphosphonates or raloxifene at baseline. These covariates were obtained from a participant's baseline visit for all objectives.
Statistical analyses
We computed summary statistics at baseline for all participants and for two subgroups defined by whether ever having an incident heart failure during study follow-up. We report means with standard deviations for continuous variables and counts with percentages for categorical variables. Comparisons were done using t tests for mean values and x 2 tests for percentages. In modelling we used Cox proportional-hazards models estimating hazard ratios (HRs). We used scaled Schoenfeld residuals for both graphical and other tests. We used plots of Schoenfeld residuals against time for each covariate with a smoothing spline fit. We further used them in a correlation test using a x 2 test for each covariate and a global x 2 test, testing a linear trend in the hazard.
To evaluate the association of first hip fracture and heart failure, incident heart failure was modelled as a time-varying exposure. Participants diagnosed with incident heart failure contributed exposure time at risk for hip fractures to the non-heart failure group before their heart failure diagnosis and to the heart failure group after their heart failure diagnosis. Once a participant was diagnosed with incident heart failure, they could not later be categorized as not having heart failure. Each participant's observation time ends at the time of incident hip fracture event, of death, of loss or end to follow-up, whichever occurred first. Covariates at baseline were used as predictors.
To evaluate the association of hip fracture and incident heart failure type (reduced EF vs. preserved EF), we used only participants diagnosed with incident heart failure and without previous hip fracture. We computed time to incident hip fracture event since the incident heart failure and heart failure type was the primary predictor. All covariates were used from the visit closest to the incident heart failure event. Hip fractures and heart failure To examine the association of incident heart failure, hip fracture, and mortality, both incident heart failure and incident hip fracture were defined as time-varying covariates. Mortality HRs were determined for those with heart failure alone, those with hip fractures alone, and those with incident heart failure preceded or followed by an incident hip fracture. The reference group was no incident heart failure and no incident hip fracture. We also estimated mortality hazards for those with incident heart failure alone compared with those with incident heart failure and incident hip fracture. A person could contribute his person-time into up to three categories, e.g. a person who has developed a heart failure and then fractured his hip would contribute into the reference group first, then into heart failure alone group and last into the heart failure followed by hip fracture group.
All models were stratified by sex because of previous reports, albeit in populations without heart failure, of sex differences in hip fracture incidence and in mortality following these fractures. 43 This approach allows not only for different HRs but also for different baseline hazards for men and women. The original plan was to adjust models for all proposed covariates, regardless of the statistical significance of their association with the outcome. However, a proportion of participants had missing values for at least one covariate. The approach of excluding participants with at least one missing covariate was not taken to avoid selection bias. Multiple imputation techniques could also easily bias the results. Instead, backwards stepwise regression was used to eliminate covariates that were not statistically significant (defined as P 0.10), recognizing that backwards elimination does not solve the problem of missingness, but may reduce missingness by eliminating covariates from the model that do not significantly improve the fit of the model but may reduce the usable sample size. An additional analysis was performed in which missing covariates (Table I) were substituted with their gender-specific medians.
All statistical analyses were carried out using R version 2.5.1.
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Results
A total of 5613 participants without prevalent heart failure at baseline were included. Of these, 1526 persons developed incident heart failure during a mean follow-up of 11.5 years. A total of 475 participants had an incident hip fracture during the follow-up period; 159 (33%) of these also had incident heart failure during follow-up, whereas 316 (67%) did not. Among the 159 participants who had both an incident hip fracture and incident heart failure during CHS follow-up, 73 participants experienced a hip fracture before their incident heart failure diagnosis and 70 participants had a hip fracture after their incident heart failure diagnosis.
Sixteen participants who had a hip fracture at the same time as their incident heart failure diagnosis were excluded from all subsequent time-dependent analyses. A total of 33 persons died in the same day as they were diagnosed with heart failure; these persons are included in the analyses (Figure 1 ).
Baseline characteristics
Compared with those without incident heart failure during follow-up, those with incident heart failure were significantly more likely to be older, to have a higher BMI, to be male, to have diabetes, to be frail, to have poorer health status, to not use oestrogen (women), and to consume less alcohol. They were also significantly less likely to have an education level of 12 years, an income .25 000 USD/year and to be current users of oestrogen (women) (P , 0.01 for all) ( Table 1) . Race, the number of live births (women), use of calcium supplements (yes/no), and smoking status did not differ significantly between the groups (P 0.51 for all). Persons with heart failure had significantly lower kcal/day of physical activity, DSS and gait speed, significantly higher levels of cystatin C, and more use of oral corticosteroids (P , 0.02 for all); frailty and a poorer health status were also more common among those with incident heart failure (P , 0.01). Persons with incident heart failure were also more likely to have chronic obstructive pulmonary disease and vision problems (P , 0.02 for both) and to use cardiac medications (ACE, ARBs, b-blockers, diuretics (loop, thiazide, potassium sparing)) (P , 0.01). There were no significant differences between the groups with respect to history of pneumonia, cancer, or use of thyroid medications (P 0.08 for all) ( Table 1) .
Risk of incident hip fracture by heart failure status
In persons without heart failure, including both men and women, a total of 389 hip fractures (98 in men and 291 in women) occurred over a follow-up of 57 335 person-years (22 173 Heart failure was significantly associated with subsequent hip fracture in both men [unadjusted HR 1.87 (95% CI 1.2 -2.93) and women (unadjusted HR 1.75 (95% CI 1.27-2.4)]. After adjustment for covariates, the association between heart failure and incident hip fractures was still in the same direction but was attenuated and marginally lost statistical significance in both men [HR 1.59 (95% CI 0.93-2.72)] and women [HR 1.41 (95% CI 0.98-2.32)] ( Table 2) . When missing values of covariates were substituted with their gender-specific medians, the estimates of HRs and their significance did not change in any of the considered models (data not shown).
Of the 1526 persons who developed heart failure during study follow-up, 1437 did not previously have a hip fracture. Echocardiograms were available for 1107 of the 1437 persons (77%). This included 895 participants with systolic heart failure and 212 participants with diastolic heart failure. In unadjusted and adjusted models, for men and women with incident heart failure, no differences could be shown in the hazard for incident hip fractures in those with systolic heart failure (EF 40%) compared with those with diastolic heart failure (EF . 40%) [ (42) 1679 (41) 652 (43) Current 674 (12) 495 (12) 179 (12) Glucose status (missing data n ¼ 58)
Normal 3935 (71) 2955 (73) 980 (65) ,0.001 IFG 752 (13) 552 (14) 200 (13) Diabetes 868 (16) 528 (13) 340 (22) Frailty status (missing data n ¼ 556)
Not frail 2402 (47) 1826 (49) 576 (43) ,0.001
Intermediate 2342 (46) 1688 (46) 654 (48) Frail 313 (6) 190 (5) 123 (9) Health status, self-reported (missing data n ¼ 13) Cancer (missing data n ¼ 9) 808 (14) 590 (14) 218 (14) 0.92 Chronic obstructive pulmonary disease (missing data n ¼ 199) 698 (13) 483 (12) 215 (15) 0.02
Vision problems (missing data n ¼ 230) 362 (7) 239 (6) 123 (9) ,0.001
Use of cardiac medications (missing data n ¼ 0) 2101 (37) 1398 (34) 703 (46) ,0.01
Means + standard deviations or counts (by percentages).
Hip fractures and heart failure 0.93 (95% CI 0.34-2.52); P ¼ 0.89 and adjusted HR (men) 0.80 (95% CI 0.25-2.58); P ¼ 0.72) and unadjusted HR (women) 0.81 (95% CI 0.25-2.6); P ¼ 0.38 and adjusted HR (women) 0.45 (95% CI 0.13 -1.85); P ¼ 0.27]. Setting the threshold for the diagnosis of diastolic heart failure to an EF of .55% did not materially change the results. In sensitivity analyses, in which the 330 persons with missing echocardiogram data were included as first having systolic heart failure and then diastolic heart failure, the results were not changed (data not shown).
Mortality after hip fracture by incident heart failure status
Within the overall analysis cohort of 5613 subjects, 3226 (57.5%) died by the end of follow-up. Participants who developed a hip fracture during follow-up had a greater mortality risk than those who did not develop a hip fracture; 353 of 475 (74.3%) participants with an incident hip fracture died, whereas 2873 of 5138 (55.9%) participants with no incident hip fracture died (P , 0.01). Similarly, participants who developed heart failure during follow-up had a greater mortality risk than those who did not develop heart failure; 1132 of 1526 (74.2%) with incident heart failure died whereas 2094 of 4087 (51.2%) participants with no incident heart failure died (P , 0.01). Among these 1132 participants with incident heart failure who died during follow-up, 135 (12%) had an incident hip fracture, on average 3 years before death (range 0-14 years). In 76 of these 135 persons, the incident hip fracture occurred following the diagnosis of incident heart failure, and 59 sustained a hip fracture prior to the diagnosis of incident heart failure. Compared with having neither incident heart failure nor an incident hip fracture, mortality hazards were significantly increased in unadjusted and adjusted (adjusted for same covariates as in Table 2 ) models, respectively, in both men HR 4.08 (95% CI 3. 16-5.27) . In men, in unadjusted models, relative to having heart failure alone, the mortality HR for heart failure followed by an incident hip fracture was 2.87 (95% CI 2.27-6.63). In unadjusted models in women, the mortality HR for heart failure followed by an incident hip fracture was 2.05 (95% CI 1.68-2.49). In adjusted models in men, relative to having heart failure alone, the mortality HR for heart failure followed by an incident hip fracture was 1.91 (95% CI 1.57-2.32) and, in women, it was 1.84 (95% CI 1.52-2.24).
Discussion
In this large, community-based study of elderly men and women, the annualized incidence rates for hip fractures after a diagnosis of heart failure were 10.8 per 1000 person-years in men and 16.9 per 1000 persons-years in women. Although the multivariable-adjusted association between heart failure and incident hip fracture was attenuated and marginally lost significance, the overall direction of the association remained in the same direction as in the unadjusted association in both men and women. No differences could be shown in the hazards for hip fracture in systolic, compared with diastolic, heart failure. Mortality following hip fractures was markedly increased (2-fold) in both men and women with heart failure and a hip fracture, compared with those persons with heart failure who did not sustain a hip fracture.
There is limited information relative to the epidemiology of hip fractures in heart failure, and our study substantially contributes to this body of knowledge. One report has suggested an increased risk for hip fractures of 5-fold in women with heart failure compared with population-based controls in Sweden. 4 More recently, cardiovascular disease without heart failure was reported in Canada. 5 Uniquely, our study is the first to document the longterm risks, over more than a decade of follow-up, of hip fractures following a diagnosis of incident heart failure in an elderly, community dwelling population of African American and Caucasian men and women. Another major strength of our study, which has not previously been addressed, 4,5 was our careful consideration and adjustment for potential confounders of the relationship between heart failure and hip fracture including indices of frailty. 45 -47 In our study, the association between heart failure and hip fracture was attenuated after adjusting for these covariates Other reports have suggested a significant association between heart failure and osteoporosis, but did not adjust for frailty indices 5 or included BMD without hip fracture data. 48 Our study suggests a number of important points. First, that, in clinical practice, heart failure is an important marker for hip fracture risk. Secondly, that the association of hip fractures with heart failure is likely partially, although not completely, a function of shared risk factors.
Finally, that attention to shared risk factors for heart failure and osteoporosis merits further study.
There are a number of limitations to our study. Our finding that the association between heart failure and hip fractures was attenuated after adjustment for covariates could have been due to the loss of power inherent in adding the adjusters with some missing values. However, our analysis to address the impact of these missing covariates on our results by substituting gender-specific medians for these values did not change the significance of our findings. Additionally, importantly, a potentially important risk factor for both heart failure 8 and fractures, 9 that of hypovitaminosis D, was not considered in this study as vitamin D measurements
are not yet available in CHS.
With the rise in diagnoses of diastolic heart failure, particularly in women, 49 our findings that both systolic and diastolic heart failure are a risk for hip fracture underscore the importance of screening measures for osteoporosis in this population. In contrast with our study, an EF of 49% has been reported to predict osteoporosis. 50 However, this study, 50 in contrast to our work, examined the relationship of EF to BMD measurements of osteoporosis, not fractures. Our analysis of the relationship of EF to hip fractures was limited in several ways. First, we may have been underpowered to detect differences in hip fractures between those with systolic compared with diastolic dysfunction as there were only 218 persons with diastolic dysfunction in our analysis using a cut point EF of 40%. However, using an EF cut point of 55% included 435 persons with diastolic dysfunction, and did not materially change our conclusion. In addition, ascertainment of EFs in our study was limited to estimations from 2-D echocardiograms, and this may have limited our ability to accurately classify systolic vs. diastolic dysfunction and, as a result, to detect meaningful differences between the groups. Although mortality following a diagnosis of heart failure is substantial, 51 recent trends suggest that survival rates for persons with heart failure are improving. 52, 53 Our findings of a striking, more than double increased mortality among men and women with heart failure who then sustain a hip fracture compared to those with heart failure alone, suggests that hip fractures may be an important cause of death in persons with heart failure. In support of this, a study of Medicare beneficiaries reported heart failure to be an independent risk factor for 30-day mortality following a hip fracture. 54 Our mortality assessments are limited in that they included any death that occurred during CHS follow-up after the diagnosis of incident heart failure but did not stratify by time of death relative to date of diagnosis of incident heart failure.
In conclusion, men and women with heart failure should be considered a high-risk population for hip fractures. However, the association between heart failure and hip fractures is at least partially explained by shared risk factors. Hip fracture is a substantial contributor to mortality in heart failure. Future studies should address strategies for fracture prevention in persons with heart failure.
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